METHODOLOGICAL REVIEW
A cladistic study, involving the principles of special similarity (Farris 1977a ), monophyletic classification (Hennig 1966) , and congruence of characters due to common ancestry (Patterson 1982; Kluge 1989) , was performed at the genus level. An emphasis on using only presumed derived characters (Hennig 1966 ) as a basis for phylogenetic analysis has been extensively rationalized recently, and has been used in many studies of mosses since Koponen (1968) .
The methodology of this paper is the same as that used in Genera of the Pottiaceae (Zander 1993), but the several critical methodological choices made there are here explained in detail because few bryological authors give reasons for their decisions one way or another regarding particular methodological issues discussed in the present paper. Avoiding areas of major controversy, one hopes to keep to the "straight and narrow" (Cranston 1991). As concerns the scientific method alone, the chief decisions that must be made during a study involve selection of methodology, modification of standard methods (because of unusual features such as any known introgression), selection of outgroup(s), homology of characters, and character weighting (both prior to the exact algorithm and after it).
The Pottiaceae are difficult to conceive as a monophyletic unit because the major synapomorphic character, the twisted peristome, has been reversed quite separately in different subclades (Zander 1993, p. 26). The family may be paraphyletic as opposed to holophyletic (Meacham & Duncan 1987) Very similar morphological structures and certain chemical color reactions were selected as potential homologous traits, following Stevens' (1991) "criteria of similarity." The characters were examined for variation within each operational taxonomic unit (OTU) and between OTU's, with a view to determining clear discontinuities between variation patterns of the character states, while comparisons were made between character states bounded by like discontinuities. This maximized the likelihood of character independence. The moss family Pottiaceae is unusually rich in number of characters (Zander 1993) and this is of value in analysis: Landrum (1993) concluded that it is normally best to include as many characters as possible in a phylogenetic study.
The phylogenetic inference method used is that of parsimony (various methods reviewed in detail by Swofford & Olsen 1990 ), assuming least evolutionary change thereby minimizing the need for ad hoc hypotheses of homoplasy. Farris (1977b) has demonstrated that "the usual criticisms of the parsimony criterion (that it assumes that evolution proceeds parsimoniously, or that parallelism is improbable) are quite groundless." I agree with Hull (1983, p. 184) and others that, in view of the simplistic nature of the Hennigian method, true advances in classification and phylogenetics must be consilient, that is, guided by the generally concurring results of different classes of inductive methods. The traditional syncretic method seeks to explain observations by a complex neo-Darwinian theory of evolution, even if there is considerable disagreement about such theory (e.g., Smith 1992), and seeks to erect a classification that reflects such relationships. Stuessy (1990, p. 131) has noted that cladistics has contributed a valuable importance to testing classifications, and I also agree with him that any classification is testable, whether they be derived from cladistic (shared apomorphy), phenetic, or phyletic methods.
The cladistic method has been criticized recently (see Farris 1979 Rieseberg and Bruillet (1994) , inasmuch as species are mainly paraphyletic, at least at first, "a species classification based on the criterion of monophyly is unlikely to be an effective tool for describing and ordering biological diversity." Following the arguments of Rieseberg and Bruillet (1994), speciation by founder effects and population subdivision (undoubtedly common in mosses associated with patchy environments) leads to derivative species sharing apomorphies with the ancestral population, producing paraphyletic species, while allopolyploidy (possibly the source of the high chromosome numbers in reduced arid-land species of Tortula), leads to polyphyletic species. And according to Humphries (1983), "we have no 100% certainty of distinguishing between multiple speciation, living ancestors, reticulation, or homoplasy ...." Moore (1990) argued that "as a heuristic for evolution, it [cladism] breaks down at the lowest taxonomic levels." In addition, the cladistic method is associated with rigor, reproducibility, and high resolution, but this does not mean it necessarily produces the best phylogenetic tree, since character selection may be poor and methodology faulty.
It is clear, however, that the cladistic method does group organisms by shared innovations, and to this extent reflects descent with modification (cf. Mickevich & Weller 1990, p. 161), or at least "relative recency of common descent with modification" (Nelson 1989 ), while it theoretically maximizes information content of the classification (Farris 1979 Sober 1975 Sober , 1983 Sober , 1986 Sober , 1988 , none completely acceptable according to Donoghue (1990) It is also a form of the fallacy of exclusive particularity-in this case, the presumption that because a given method expresses an important truth about a subject, every other method must fail. Systematics, I feel, will gain predictive power through a melding of the theoretical depth of evolutionary systematics and the resolving power of the exact parsimony algorithm provided by cladistics. I here avoid the use of the phrase a priori to refer to weighting before the exact algorithm, as has been accepted by numerical taxonomists and cladists since the 1960's, because it implies unscientific practices: "1) by reasoning from definitions formed or principles assumed: deductively, 2) without examination or analysis: presumptively, 3) independently of experience: intuitively." (Gove 1976 ). Powerful, compelling, simplifying explanations based on a wealth of information should not be dismissed as a priori evolutionary "just-so stories."
The phrase "a posteriori" is, in kind, usually used in the literature for any weighting done after parsimony analysis. This Latin phrase actually means reasoning from facts. Are there any more facts available after parsimony analysis than before? Certainly there are more (and better) explanations because of the resolving power of the exact algorithm, but hardly more facts about the terminal taxa. Apropos of this, Swofford and Olsen (1990, pp. 466, 499) cautioned against successive, iterative re-weighting after the cladistic analysis, such as estimation of optimal weights by successive approximations , also see Goloboff 1993a, b) citing circularity and giving an example of a failure of this method, but recommending instead methods of weighting prior to the exact algorithm such as the compatibility method of Penny and Hendy (1985, 1986) . Weighting highly those characters with best fit as determined after the parsimony analysis, may be done in various ways: Ladiges et al. 1989 used both the consistency index (c) over the patristic unit character length ) and also the product of character consistency and character retention index as determined in Hennig86 (Farris 1989 ). Goloboffs (1993a) PEE WEE software weights reliable characters using a constant for the concave function that may be modified. No method now exists to recommend the best weighting by character fit (Farris' 1969 example works for an artificial data set with a known random element). Since any large data set with relatively simple characters, as in the present study, will have homoplasy reflecting both true convergence and taxonomic noise, the latter is randomized and therefore incongruent and minimized through parsimony. Homoplasy based on convergence is important information and should not be masked by post-parsimony analysis deweighting, which is not used here.
The cladograms were generated in this study both with all characters weighted (prior to the exact algorithm) the same and with weighting of characters along the lines used and discussed by Zander (1993), reflecting an entirely reasonable apprehended convergence in several lineages in many characters through morphological reduction. This is in spite of and counter to the statement of Kluge and Farris (1969) that "Certainly one could not objectively detect parallelism by assuming that it existed prior to the analysis!" although details of parallelism are detected and mapped by parsimony analysis (Farris 1977b It is, however, an unfortunate fact that most bryophyte characters cannot be readily apprehended as very different in phylogenetic importance on the basis of their relative complexity (complex characters being probable composites of several traits). Thus, in this study, except for weighting against the clearly convergent transformation series of apparently co-adaptive characters forming 30% of the data set, all characters were weighted as equal prior to the exact algorithm in accordance with the "principle of indifference" (as discussed by Wilkinson 1992, contra Hauser 1992 and Hauser & Presch 1991).
As Sober (1986) pointed out, "good" characters cannot be identified easily prior to the exact algorithm; such characters are more apt to be retained in evolutionary situations that minimize anagenetic change (e.g., fixed mutation pressure changing gene frequency) and thus do not mask character history as do (according to Sober) random drift, selection for a particular predominating trait, a one-locus model with heterozygote inferiority, or multilocus models with many adaptive peaks. I feel that this reasoning is support for low weighting of all characters that are part of an apparently co-adaptive set of characters forming a transformation series correlated with environmental extremes. Lowered weighting delays transformation of the character states of the co-adaptive set of characters into the subclades of the cladogram, where they may yet prove to be synapomorphic. Buck (1980) eliminated entirely from analysis the apparent convergent characters in his generic revision of the Entodontaceae, but the present differential weighting scheme allows use of a maximum number of characters.
METHODS
Because Barbula agraria was clearly incongruous in the genus Barbula, its character states were not reflected in the original data set of Zander (1993, p. 50). For the present study the same Pottiaceae genus data set was used except for the addition of the coding for the 75 characters scored for B. agraria (as Hyophiladelphus- Table 1 ). All multistate characters were treated as additive (ordered).
The results of twenty different orderings of data presentation of the 77 genera (OTU's) were examined for each analysis. These orderings were pseudorandomized using a shuffle program to avoid being trapped in local optima (D. Maddison 1991; Swofford & Olsen 1990, p. 488). The analyses were done (following Zander 1993) with the program Hennig86 (Farris 1988 (Farris , 1989 ) using the commands "mh*;bb*" for heuristic branch-swapping, or "ie*", an exact algorithm, for the small data sets (associated with Analysis 2). The maximally parsimonious tree or trees were selected.
Cladograms that were generated in the present study were both consensus-collapsed and single character-trees. Consensus trees are not phylogenies as such (Miyamoto 1985 was also done: Analysis 3 (one tree of which is selected as Fig. 3 ) the Pottioideae with Tetracoscinodon as outgroup (sister group of the subfamily Pottioideae), with the Pottioideae subclade consisting of the 33 genera (Fig. 1) recognized as such in both Analyses 1 and 2, and Analysis 4 (Fig. 2) of eleven related genera characteristic of tropical shores and islands. The final tree (Fig. 3) 
RESULTS
The maximally parsimonious cladograms of Analyses 1-3 place Barbula agraria at the base of the Pottioideae subclade, demonstrating that it is not closely related to the genus Barbula nor is it a member of the Merceyeae (= Barbuleae), but is instead most properly placed at the base of the Pottioideae subclade. Analysis 1 is not figured as a cladogram here because the base of the Pottioideae subclade was highly unresolved in the consensus tree at either 1:1 or 1:15 weighting of 22 reductionrelated characters.
The base of the Pottioideae subclade was likewise largely unresolved in the consensus tree of Analysis 2 at 1:1 weighting of 22 reduction-related characters, but sufficiently less so with 1:15 weighting to be instructive (Fig. 1) in the extent to which it reflects or did not reflect Cladogram 14 of the previous study (Zander 1993), done at the same weighting and on which the present suprageneric classification is based. Inasmuch as the Hyophileae subclade of the previous study is not evident in any cladogram generated with the new data set (i.e., including Hyophiladelphus), this tribe becomes merely a paraphyletic group, although the name is a convenient label for the morphologically fairly distinct base of In all cladograms resulting from the full data set, the extant relative closest to Barbula agraria was not descernible (e.g., Fig. 1) . A focused analysis (Analysis 3) of just the Pottioideae subclade with Tetracoscinodon as outgroup was done in an effort to resolve the basal branches. In Analysis 3a (not figured), in which all characters were equally weighted (at 1:1), Barbula agraria was paired with the likewise Caribbean taxon Quaesticula in all 15 equally maximally parsimonious trees. Because the analysis was done with all characters equally weighted, certain taxa identified prior to the exact algorithm as much reduced morphologically were closely associated: Acaulon, Stonea, Phascopsis, Sarconeurum, Pterygoneurum, Stegonia, and Microbryum. These were more finely distributed in a second analysis (Analysis 3b) in which characters were differentially weighted.
Analysis 3b, also of the Pottioideae subclade alone, was done with 22 reduction-related characters weighted low (at 1:15), and gave a consensus tree exactly like that of the Pottioideae subclade in Figure 1 , but of only 15 equally maximally parsimonious trees. Of these 15 trees, a single tree (Fig. 3) was selected in the following manner:
An additional study (Analysis 4) was done to examine the relationships of eleven basal genera of Hyophileae. These were associated by Caribbean lowland distribution or are found elsewhere in low to medium elevation tropical areas but not in inland desert habitats (thus excluding desert taxa like Crossidium and Stegonia), and lack the several character states listed as changes in the immediate ancestral node of Stegonia in Figure 3 . These taxa were: Ganguleea, Hymenostyliella, Hyophila, Hyophiladelphus, Luisierella, Plaubelia, Quaesticula, Teniolophora, Weisiopsis, Weissia, and Weissiodicranum, with Leptobarbula as outgroup. Two taxa, Ganguleea and Hymenostyliella have outlier distributions in Brazil and India, while Hyophila is found nearly world wide in tropical and temperate areas. Identical consensus trees were derived with both 1:1 weighting and 1:15 differential weighting of reduction-associated characters, and Hyophiladelphus was found to be at the base of the clade paired with the Asian Hymenostyliella (Fig. 2) Fig. 6-7, 10-12 ; B = 1.0 mm, Fig. 8-9; C = 1 mm, Figs. 4-5, 13 .
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with the Pottioideae data set of Analysis 3 weighted as in 3b (reduction-related characters at 1:15), Tetracoscinodon being functional outgroup, and with one additional character in the data set: "alar cells inflated," scored as "present" for Hyophiladelphus, Weissia, and Weissiodicranum. There was no clarification of the relative positions of the three genera, these being unresolved (as above Leptobarbula in Fig. 1 
